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(54) SHEET LAMINATE FORMING METHOD AND SHEET LAMINATE FORMING APPARATUS 



(57) The invention relates to a sheet lamination 
modeling method and a sheet lamination modeling 
apparatus for forming a three-dimensional object by 
stacking and gluing sheets together. In the invention, an 
upper sheet (2Y) is stacked on top of a lower sheet (2X) 
which is cut into an effective area (VI) constituting the 
three-dimensional object and a waste area (U1) not 
constituting the three-dimensional object, an adhesive 
(4) is supplied between the lower sheet (2X) and the 
upper sheet (2Y) and onto an area which extends out- 
wardly of an overlapping area covering both of an effec- 
tive area (V2) of the upper sheet (2Y) and the effective 
area (VI) of the lower sheet (2X) to thereby glue the 
lower sheet (2X) and the upper sheet (2Y) together, and 
the upper sheet (2Y) is cut into the effective area (V2) 
and a waste area (U2). As a result, according to the 
invention, it is possible to easily obtain a strong three- 
dimensional object without separation or deformation. 
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Description 

Technical Field 

The present invention relates to a technique of 5 
forming a solid object, and more' particularly to a 
method of forming a three-dimensional object easily 
with high accuracy by stacking and gluing sheets 
together and to a sheet lamination modeling apparatus. 

10 

Background of the Invention 

Conventionally, in order to fabricate a three-dimen- 
sional model having a complicated configuration, there 
has been proposed a method of stacking paper sheets 15 
on which heat-melting adhesive has been applied 
beforehand. 

In this method, after stacking sheets one on the 
other, the sheets are glued together by heating the 
sheets with a hot roller. Then, an upper sheet is cut 20 
along a contour of a region constituting the three-dimen- 
sional object to be obtained. 

However, according to this method, it was difficult to 
stack and glue paper sheets together with high accu- 
racy to thereby fabricate a three-dimensional object 25 
having sufficient adhesive strength without separation 
of stacked sheets. 

Further, paper sheets are subject to deformation by 
the effects of pressure, humidity, or the like. Additionally, 
with a certain thickness of the adhesive layer between 30 
the paper sheets, it was difficult to control the thickness 
in one adhesive layer to be even or to control the thick- 
ness of each adhesive layer to be the same. Therefore, 
it was difficult to ensure high fabricating accuracy of the 
three-dimensional model. 35 

As an alternative way to fabricate a three-dimen- 
sional model, there has been proposed a photo-solidifi- 
cation modeling method. However, this method requires 
a step of light exposure by using a photo-solidifying 
resin. Therefore, the initial cost for preparing the equip- 40 

1 1 1^1 It iv/i }uvt ivi 1 1 III 1^ ii 11^ 1 1 idi tvn«j 19 I ii^i I. m II 19 t\jt 1 1 19U 

surface needs alcohol cleaning. Further, a secondary 
solidifying process is required after forming a model In 
order to obtain a perfect polymerization, so that it was 
difficult to fabricate such a three-dimensional object in 45 
an ordinary office. 

Disclosure of the Invention 

Therefore, the present invention provides a sheet so 
lamination modeling method which can easily fabricate 
a three-dimensional object having sufficient strength 
without separation of stacked sheets. 

Further, the present invention provides a sheet lam- 
ination modeling method which can fabricate a three- 55 
dimensional object having high accuracy. 

Further, the present invention provides a sheet lam- 
ination modeling apparatus which can fabricate a three- 
dimensional object with high accuracy. 



(1 ) A first aspect of the invention provides a method 
of forming a three-dimensional object by stacking 
and gluing sheets together, which comprises the 
steps of providing a lower sheet cut into an effective 
area constituting the three-dimensional object and 
a waste area not constituting the three-dimensional 
object, providing an upper sheet to be stacked on 
top of the lower sheet, the upper sheet having an 
effective area constituting the three-dimensional 
object and a waste area not constituting the three- 
dimensional object, supplying an adhesive between 
the lower sheet and the upper sheet and onto an 
area which extends outwardly of an overlapping 
area covering both the effective area of the upper 
sheet and the effective area of the lower sheet, 
thereby forming an effective adhesive layer, gluing 
the lower sheet and the upper sheet together, and 
cutting the upper sheet into the effective area and 
the waste area. 

According to this method, the upper and lower 
sheets are glued together by supplying the adhe- 
sive onto an area larger than an area covering both 
of the effective areas of the upper and lower sheets 
(hereinafter referred to as an overlapping area). 
Thus, the upper and lower sheets are reliably glued 
together on the overlapping area, and a three- 
dimensional object having great strength without 
separation or deformation can be obtained with 
ease. 

(2) A second aspect of the invention provides a 
sheet lamination modeling method according to the 
first aspect of the invention, which comprises the 
additional step of forming an auxiliary adhesive 
layer by supplying the adhesive less densely than 
the effective adhesive layer, onto the outside of the 
effective adhesive layer. 

According to this method, with the auxiliary 
adhesive layer, the sheets can be supported during 
gluing and cutting operation. Thus, positional errors 
during gluing and cutting operation can be reduced 

Ctl IVI well pO \J% 11 19 9119919 V/Cll i 1^9 I 9UUV9U. 

(3) A third aspect of the invention provides a sheet 
lamination modeling method according to the first 
aspect of the invention, wherein the adhesive is 
applied by electrostatic transfer. 

According to this method, the adhesive can be 
applied by electrostatic transfer. Thus, it is possible 
to simply and easily fabricate a three<limensional 
object in an ordinary office, and the amount and the 
position of the application of the adhesive can be 
set on a CAD system. 

(4) A fourth aspect of the invention provides a sheet 
lamination modeling method according to the first 
aspect of the invention, wherein the upper sheet 
and the lower sheet are glued together under pres- 
sure. 

According to this method, the effective adhe- 
sive layer (and the auxiliary adhesive layer) can be 
formed by pressurization. Thus, it is possible to 
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make the lamination height of the object constant 
and to eliminate warps which may be generated on 
the stacked sheets. As a result, flatness of the 
stacked sheets can be secured and maintained, so 
that an object having sufficient accuracy can be 5 
obtained. 

(5) A fifth aspect of the invention provides a method 
of forming a three-dimensional object by stacking 
and gluing sheets together, which comprises the 
steps of providing a lower sheet cut into an effective 10 
area constituting the three-dimensional object and 

a waste area not constituting the three-dimensional 
object, providing an upper sheet to be stacked on 
top of the lower sheet, the upper sheet having an 
effective area constituting the three-dimensional 15 
object and a waste area not constituting the three- 
dimensional object, supplying an adhesive between 
the lower sheet and the upper sheet, impregnating 
the adhesive into the upper sheet and the lower 
sheet under pressure, thereby forming a joined 20 
layer, and cutting the upper sheet into the effective 
area and the waste area. 

According to this method, the adhesive is 
impregnated into both the upper and lower sheets 
by pressurization to form the joined layer through 25 
which the both sheets are tightly joined together. 
Thus, it is possible to eliminate fabrication errors 
which may be generated by the thickness of the 
adhesive layers, so that a three-dimensional object 
having high accuracy cain be obtained. 30 

Further, the impregnated adhesive forms the 
joined layer flat by pressurization at one time. Thus, 
it is possible to restrain warps or like defects of the 
sheets caused by moisture absorption, to thereby 
maintain flatness of the sheet lamination, and to 35 
secure the fabricating accuracy. 

(6) A sixth aspect of the invention provides a sheet 
lamination modeling method according to the fifth 
aspect of the invention, wherein the adhesive, is 
applied by electrostatic transfer. 40 

According to this method, the adhesive is 
applied by electrostatic transfer, and thus, the 
amount and the position of the application of the 
adhesive can be easily controlled, so that a three- 
dimensional object having a complicated shape can 45 
be obtained. 

(7) A seventh aspect of the invention provides a 
method of forming a three<llmensionat object by 
stacking and gluing sheets together, which com- 
prises the steps of providing a lower sheet cut into so 
an effective area constituting the three-dimensional 
object and a waste area not constituting the three- 
dimensional object, providing an upper sheet to be 
stacked on top of the lower sheet, the upper sheet 
having an effective area constituting the three- 55 
dimensional object and a waste area not constitut- 
ing the three-dimensional object, supplying an 
adhesive between the lower sheet and the upper 
sheet, gluing the lower sheet and the upper sheet 



together under pressure, cutting the upper sheet 
Into the effective area and the waste area, thereby 
forming a sheet lamination block including the 
three-dimensional object, and pressing the sheet 
lamination block until the adhesive interposed 
between the sheets of the sheet lamination block is 
hardened. 

According to this method, the sheet lamination 
block is continued to be pressed even after comple- 
tion of the stacking operation, so that generation of 
warps by hardening the adhesive interposed in the 
sheet lamination block is restrained. Thus, a three- 
dimensional object having high accuracy can be 
obtained with ease. 

(8) An eighth aspect of the invention provides a 
method of forming a three-dimensional object by 
stacking and gluing sheets together, which com- 
prises the steps of providing a lower sheet cut into 
an effective area constituting the three-dimensional 
object and a waste area not constituting the three- 
dimensional object, providing an upper sheet to be 
stacked on top of the lower sheet, the upper sheet 
having an effective area constituting the three- 
dimensional object and a waste area not constitut- 
ing the three-dimensional object, supplying an 
adhesive between the lower sheet and the upper 
sheet, gluing the lower sheet and the upper sheet 
together under pressure, cutting the upper sheet 
into the effective area and the waste area, thereby 
forming a sheet lamination block including the 
three-dimensional object, melting the adhesive 
interposed between the sheets of the sheet lamina- 
tion block, and hardening the melted adhesive. 

According to this method, after completion of 
the stacking operation, the adhesive interposed 
between the sheets of the sheet lamination block is 
melted and then hardened. Unlike the case where 
the adhesive is hardened during the stacking oper- 
ation, all the sheets are glued together by harden- 
ing the adhesive under a state of less thermal 
distortion, so that generation of warps in the whole 
finished three-dimensional object can be pre- 
vented. Thus, a three-dimensional object having 
high accuracy can be obtained with ease. 

(9) A ninth aspect of the invention provides a sheet 
lamination modeling method according to the 
eighth aspect of the invention, wherein, in the step 
of hardening the melted adhesive, pressurization of 
the sheet lamination block is continued until the 
adhesive is hardened. 

According to this method, the adhesive inter- 
posed between the sheets forming the finished 
three-dimensional object is melted and then harden 
while being pressurized. Thus, warps caused by 
such hardening or warps already generated in the 
object can be effectively eliminated, so that a three- 
dimensional object having sufficient accuracy can 
be obtained with ease. 



3 



.0738583A1J_> 



EP 0 738 583 A1 



(10) A tenth aspect of the invention provides a 
method of forming a three-dimensional object by 
stacking and gluing sheets together, which com- 
prises the steps of providing a lower sheet cut into 
an effective area constituting the three-dimensional 5 
object and a waste area not constituting the three- 
dimensional object, providing an upper sheet to be 
stacked on top of the lower sheet the upper sheet 
having an effective area constituting the three- 
dimensional object and a waste area not constitut- 10 
ing the three-dimensional . object, supplying an 
adhesive between the lower sheet and the upper 
sheet, gluing the lower sheet and the upper sheet 
together under pressure, and cutting the upper 
sheet into the effective area and the waste area, 15 
wherein, in the above steps, the adhesive is main- 
tained in a melted state to thereby form a sheet 
lamination block including the three-dimensional 
object, and the sheet lamination block is pressu- 
rized until the adhesive interposed between the 20 
sheets of the sheet lamination block Is hardened. 

According to this method, the sheets are not 
glued together during stacking operation, but the 
sheets are stacked to form the sheet lamination 
block with the adhesive held in a melted state, and 25 
after completion of the stacking operation, the 
adhesive interposed between the sheets Is hard- 
ened while being pressurized. Thus, warps by inter- 
nal stress are reduced which may be generated 
when the adhesive Is hardened during the stacking 30 
operation for each sheet, so that a three-dimen- 
sional object having sufficient accuracy can be 
obtained with ease. 

(^ ^} An eleventh aspect of the invention provides an 
apparatus for forming a three-dimensional object by 35 
stacking and gluing sheets together, which com- 
prises a table which moves upwardly or down- 
wardly and on which a lower sheet cut into an 
effective area and a waste area Is placed, interpos- 
ing means for interposing an adhesive between the 40 
lower sheet and an upper sheet to be stacked on 
the lower sheet, pressing means fixedly disposed at 
a predetermined position for gluing together the 
upper sheet and the lower sheet on the table when 
the table is raised, and cutting means for cutting the 45 
upper sheet into an effective area and a waste area. 

According to this apparatus, by the upward or 
downward movement of the table acting as a sole 
movable part, the sheets are moved to a bonding 
position or to a cutting position to adjust the bond- so 
ing strength or the cutting height of the cutting 
means, thus permitting easy fine control of the 
working accuracy. Therefore, adjustment c send- 
ing on the change of the height of the three-otmen- 
slonal object under fabrication by stacking and ss 
gluing the sheets together, can be done easily. 
Thus, working errors during the gluing or the cutting 
operation, and thus modeling errors, can be 
reduced. 



(12) A twelfth aspect of the invention provides a 
sheet lamination modeling apparatus according to 
the eleventh aspect of the invention,, wherein the 
table is vertically movable, the pressing means is 
fixedly disposed right above the table, and the cut- 
ting means is disposed horizontally movably at a 
predetermined height between the table in the low- 
ered position and the pressing means. 

According to this apparatus, the table acting as 
a sole moving part is movable only in the vertical 
direction, and thus the cutting height with respect to 
the stacked sheets can be controlled with sufficient 
accuracy. As a result, modeling errors can be fur- 
ther reduced, and a three-dimensional object hav- 
ing high accuracy can be obtained. 

(13) A thirteenth aspect of the invention provides a 
sheet lamination modeling apparatus according to 
the eleventh aspect of the invention, wherein, as 
the adhesive, an adhesive which displays adhesive- 
ness by pressurization is used, and the pressing 
means include a pressurization surface for collec- 
tively pressurizing the upper sheet. 

According to this apparatus, the sheets are 
glued together by pressurization, and therefore, 
light exposure or like operation is not required, so 
that it is possible to easily fabricate a three-dimen- 
sional object even in an ordinary office. Further, the 
bonding strength can be controlled by the raised 
position of the table. 

Further, the sheets are collectively pressu- 
rized, so that the sheets and the adhesive can be 
formed both easily and flatly, and misalignment of 
the sheets can be prevented. 

(14) A fourteenth aspect of the invention provides a 
sheet lamination modeling apparatus according to 
the eleventh aspect of the Invention, wherein the 
interposing means is operable to supply the adhe- 
sive onto the upper sheet by electrostatic transfer. 

According to this apparatus, the adhesive is 
applied by electrostatic transfer, and therefore, no 
speclai means for supplying adhesive is required. 
Thus, It is possible to provide a simple construction 
of the apparatus in which an ordinary electrostatic 
transfer means can be utilized. 

(15) A fifteenth aspect of the invention provides a 
sheet lamination modeling apparatus according to 
the eleventh aspect of the invention and further 
including heat retaining means for keeping warm a 
sheet lamination block on the table and heating 
means provided In the table for heating the sheet 
lamination block. 

According to this apparatus, the adhesive inter- 
posed in the sheet lamination block is maintained in 
a melted state during the stacking operation, and 
thus, generation of warps of the sheets by harden- 
ing the adhesive between the sheets can be pre- 
vented. Further, the adhesive interposed in the 
sheet lamination block Is melted after the stacking 
operation, so that any warps which may be gener- 
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ated during the stacking operation can be elimi- 
nated. Thus, a three-dimensional object having 
improved accuracy can be obtained. 

Brief Description of the Drawings 5 

FIG. 1 is a schematic view showing the overall con- 
struction of a sheet lamination modeling apparatus 
according to a first embodiment of the invention; 
FIG. 2 is a block diagram showing the operation w 
according to the first embodiment; 
FIG. 3 is a view of the prototype of a three-dimen- 
sional object to be obtained in the first embodiment: 
FIG- 4(A) is a plan view showing an effective area 
and a waste area of the sheet 2Y. FIG. 4(B) is a is 
sectional view of sheets 2Y and 2X and illustrates a 
lap of the respective effective areas and a relation- 
ship between an effective adhesive area and an 
auxiliary adhesive area, and FIG. 4(C) is a plan 
view illustrating the effective adhesive area and the 20 
auxiliary adhesive area of the sheet 2Y; 
FIG. 5(A) shows a state where an adhesive is trans- 
ferred onto the sheet 2Y by a drum, FIG. 5(B) 
shows a state where the sheet 2Y is stacked on top 
of a sheet lamination T, FIG. 5(C) shows a state 25 
where the stacked sheet 2Y is cut into the effective 
area and the waste area by a cutter 35. FIG. 5(D) 
shows a state where a model M is fabricated within 
the sheet lamination T FIG. 5(E) shows a state 
where the waste area is removed away from the 30 
sheet lamination T. and FIG. 5(F) is a view showing 
the model M thus fabricated; 
FIGS. 6(A) to 6(E) are sectional views of the sheets, 
showing a part of the sheet stacking process, in 
which FIG. 6(A) shows a state where the adhesive 35 
is transferred onto a sheet 2Y. FIG. 6(B) shows a 
state where the sheet 2Y with the adhesive applied 
thereon is disposed above a sheet 2X, FIG. 6(C) 
shows a state where the sheet 2Y is stacked on the 
sheet 2X. FIG. 6(D) shows a state where the sheet 40 
2Y is glued to the sheet 2X, and FIG. 6(E) shows a 
state where the sheet 2Y is cut by the cutter 35; 
FIG. 7 shows the cutting operation of a sheet by the 
cutter 35: 

FIG. 8 is a sectional view showing the state of a f lar- 45 
ing part of the cut portion changed by heat pressure 
fitting: 

FIGS. 9(A) to 9(E) are sectional views of the sheets, 
showing a part of the sheet stacking process 
according to a second embodiment, in which FIG. so 
9(A) shows a state where the adhesive is trans- 
ferred onto a sheet 102Y, FIG. 9(B) shows a state 
where the sheet 102Y with the adhesive applied 
thereon is disposed above a sheet 102X, FIG. 9(C) 
shows a state where the sheet 1 02Y is stacked on ss 
the sheet 102X, FIG. 9(D) shows a state where the 
sheet 102Y is pressed onto the sheet 102X to form 
a joined layer, and FIG. 9(E) shows a state where 
the sheet 102Y is cut by the cutter 35; 




FIG. 10 illustrate a state where a joined layer is 
formed from the sheets joined together during pres- 
surization; 

FIG. 11(A) is a sectional view showing a state 
where the dispersedly transferred adhesive forms 
an integral joined layer by pressurizatlon, and FIG. 
1 1 (B) is a sectional view showing a state where the 
unevenly transferred adhesive forms a joined layer 
having substantially even thickness by pressuriza- 
tion; 

FIG. 12 is a block diagram showing the operation 
according to a third embodiment: 
FIG. 13 is a block diagram showing the operation 
according to a fourth embodiment; 
FIG. 14 is a schematic view showing a sheet lami- 
nation modeling apparatus in the fourth embodi- 
ment; and 

FIG. 15 is a block diagram showing the operation 
according to a fifth embodiment. 

Best Modes of Embodvino the Invention 

Now, the embodiments embodying the present 
invention will be described with reference to FIGS. 1 to 
15. 

In each embodiment which will be described here- > 
inafter, any sheet from which a three-dimensional object ..i 
can be fabricated by stacking and gluing may be used k-^ 
as sheet. Such sheets include paper, cloth and plastic 
film. 

Adhesives can be appropriately selected. depend- > 
ing on the strength required for the three-dimensional 
object to be fabricated as well as the kirxJ of the sheet in 
use and the method of feeding the adhesives. ^ > 

Electrostatic transfer means that an electrostatic ^% 
latent image formed on a drum by electrostatic record- ^ 
ing, electro-printing, laser recording or like methods, . ^ 

with particles tentatively fixed thereon, is electrostati- .j^ 
cally transferred onto sheets. T 

(First Embodiment) 

A first embodiment will now be described with refer- 
ence to FIGS. 1 to 8. 

In this embodiment, as sheets 2, plain paper (wood- 
free paper) having the thickness of 0. 1 mm ard the size 
of 297 mm X 420 mm is used. Here, instead of cut 
sheets, a continuous roll sheet may be used as it is cut 
during operation. 

As an adhesive 4, an electron toner for a copying 
machine from which pigment is removed and which 
mainly consists of thermoplastic resins of the polyethyl- 
ene family is used. Here, it is to be noted that electron 
toners usually consist mainly of thermoplastic resins as 
binder and pigment, and that electron toners containing 
pigment may be used without removing the pigment as 
adhesive of the present invention. 

Further, adhesives which can be glued onto the 
sheets 2 only by pressurizing without heating (for 
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instance, toners, such as a capsule toner for electro- 
static latent image development disclosed in Japanese 
Patent Publication No. 59-189354) may be used. In 
case of using such pressure-sensitive adhesives, the 
adhesives can be melted only by pressurization by 
means of a simple plate without using a heater plate 32 
which will be described later. Therefore, such pressure- 
sensitive adhesives offer advantages that the equip- 
ment cost can be reduced, that greater safety is 
ensured to permit automated fabrication, and that the 
time which will be required for heating a heater plate is 
not needed. 

FIG.1 shows a sheet lamination modeling appara- 
tus of this embodiment. The sheet lamination modeling 
apparatus is mainly comprised of a data processing 
section 7, a control section 9 and a sheet lamination 
modeling section (hereinafter referred to as modeling 
section) 10. 

The data processing section 7 prepares two-dimen- 
sional data representing the sectional configuration of 
the three-dimensional object to be obtained, on the 
basis of the data representing the three-dimensional 
configuration of the object, and supplies the sectional 
configuration data to the modeling section 10. 

In this embodiment, the data representing the 
three-dimensional corrfiguration of the object is supplied 
to the data processing section 7 from a three-dimension 
CAD system. It is well-known in the field of CAD sys- 
tems to obtain two-dimensional contour data represent- 
ing the sectional configuration on the basis of such 
three-dimensional configuration data. 

The data processing section 7 converts the two- 
dimensional contour data, which has been converted 
from the three-dimensional data supplied from the 
three-dimension CAD system, into raster data and vec- 
tor data and supplies the raster data and the vector data 
to a laser printer section 18 and a cutting plotter section 
34. The raster data represents the sectional contour of 
the three-dimensional object, in which one side of the 
sectional contour is an effective area constituting the 
thrss^dimsnsicnal object and the other side is a waste 
area not constituting the three-dimensional object. Sec- 
tional vector data and raster data are prepared for each 
sheet 2. 

The control section 9 performs sequential control of 
the laser printer section 18 and the cutting plotter sec- 
tion 34 and also performs positional control of the height 
of a table 1 4. 

The modeling section 10 comprises a table section 
12, a feeding tray section 16. the laser printer section 
18. a conveying section 22, a heater plate section 30, 
and the cutting plotter section 34. 

The table section 12 includes the table 14 on which 
the sheet lamination T under construction is placed and 
includes a motor (not shown) which is used to move the 
table 14 vertically. Further, the table section 12 is pro- 
vided with a detector (not shown) for detecting the abso- 
lute position (height) of the table 14, and the height 



position of the table 14 is controlled by the control sec- 
tion 9. 

The table 14 is driven by the motor and is moved 
upwardly toward the heater plate 30 which will be 

5 described later every time each sheet 2 is stacked and 
is moved downwardly such that the height of the top sur- 
face of the sheet lamination T is brought to a predeter- 
mined height position. The lowered position of the table 
14 where the top surface of the lamination T is at the 

10 predetermined height is set to be lowered by the thick- 
ness of the sheet 2 (to be exact, by the thickness of the 
sheet 2 and the thickness of the adhesive 4) every time 
each sheet 2 is stacked. 

The feeding tray section 16 includes a tray 17 on 

15 which a plurality of sheets 2 are placed. A motor (not 
shown) is driven to raise and tower the tray 17. The 
feeding tray section 16 supports the sheets 2 and sup- 
plies the sheets 2 one by one to the laser printer section 
18. 

20 The laser printer section 18 electrostatically trans- 
fers the adhesive 4 onto the sheets 2 and is of the same 
type as used in ordinary laser printers and copying 
machines. 

The laser printer section 18 forms an electrostatic 

25 latent image on a drum 19 by laser beam exposure on 
the basis of the raster data supplied from the data 
processing section 7 and forms a shape of the adhesive 
4 on the drum 19, and electrostatically transfers the 
adhesive from the drum 19 onto the sheets 2. 

30 The laser printer section 18 includes a fixing sec- 
tion 20 for fixing the adhesive 4 transferred onto the 
sheets 2. The sheets 2 are conveyed through the fixing 
section 20 by the conveying section 22. 

As shown in FIG. 1, the conveying section 22 com- 

35 prises chains 24, sprockets 26. sheet support mecha- 
nisms 27 and a motor (not shown) for driving the 
sprockets 26. The chains 24, the sprockets 26, and the 
sheet support mechanisms 27 are each disposed on 
the both sides in the width direction of the sheets 2 to be 

40 conveyed (in the direction vertical to the conveying 
direoiion). 

The support mechanisms 27 are disposed in 
opposed relation to each other on the chains 24 on the 
both sides for supporting the sheets 2. 

45 In the conveying section 22. the environmental con- . 
ditions such as humidity are controlled by an air condi- 
tioner, a fan or the like machine so as to convey the 
sheet 2 from the laser printer section 1 8 to the table sec- 
tion 12 without causing moisture absorption or the like 

50 of the sheet 2. 

The conveying section 22 also includes on the front 
end thereof an intermediate tray section 28 for inverting 
and temporarily placing the sheet 2. The intermediate 
tray section 28 includes a tray 29a and a jogger 29b, 

55 and the sheet 2 temporarily placed on the tray 29a are 
jogged from every direction by the jogger 29b for posi- 
tioning and is supplied to the table section 12. Further, 
the intermediate tray section 28 also serves to control 
the operations of the laser printer section 18 and the 
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cutting plotter section 34 performed by the control sec- 
tion 9. 

The heater plate section 30 is fixedly disposed right 
above the table section 12 at a predetermined level, and 
comprises a plate 32 disposed on the lower side thereof 5 
and having a size sufficient to press the whole surface 
of the lamination T and a heater unit (not shown) for 
heating the plate 32 to a predetermined temperature. 

When the table 14 with the lamination T placed 
thereon is raised to press the pressing surface of the io 
plate 32, an upper sheet 2Y (see FIG. 4) stacked on the 
top of the lamination T and an lower sheet 2X placed 
right under the sheet 2Y are glued together. 

The heating temperature of the plate 32 has to be 
suitably set depending on the kinds of the sheet 2 and 15 
the adhesive 4 to be used, the magnitude of the pres- 
sure to be applied thereto, or other factors. 

The pressing surface of the plate 32 is treated for 
separation by fluorocarbon resin, silicon or the like in 
order that the upper sheet 2Y pressed on the pressing 20 
surface is not adhered thereto but is readily separated 
therefrom. 

The cutting plotter section 34 comprises a cutter 35 
and an XY plotter 36 which the cutter 35 is secured to 
and which moves the cutter 35 horizontally on the basis 25 
of the vector data supplied from the data processing 
section 7. 

The cutting plotter section 34 is positioned at a pre- 
determined level below the heater plate section 30 and 
above the table section 12, and at a position where the 30 
vertical movements of the table 14 and the paper feed- 
ing onto the table 14 are not disturbed. 

The cutter 35 cuts only the top one of the sheets 2 
stacked together on the table 14. always at a constant 
height position by the XY plotter 36. 35 

In other words, the cutter 35 is always at a constant 
cutting height without being raised or lowered and is 
made operable by controlling the height of the table 14. 

It will be noted that, besides the cutter 35, a laser 
cutter, an ultrasonic cutter or the like may be used as 40 
cutting means. The use of the cutter 35 is advantageous 
in that the initial costs can be reduced, there is no need 
of preparing the dust-removing equipment, there is no 
danger of fire, and the control of the cutting depth is 
easy. 45 

The modeling section 10 thus constructed is 
accommodated in a cabinet, where the humidity and 
temperature conditions around the sheets 2 are control- 
led. In addition, in this embodiment, an air conditioner 
(not shown) is also provided within the cabinet to control so 
with high accuracy the heat and humidity generated in 
the modeling section 10. 

Now, the operation of fabricating a three-dimen- 
sional object by the use of a modeling apparatus thus 
constructed will be described with reference to FIG. 2. 55 

FIG. 2 is a block diagram showing the operation of 
fabricating a three-dimensional object M by stacking 
and gluing the sheets 2 together by the use of the appa- 
ratus. 



In a first step, a process of defining a three-dimen- 
sional shape of a model M to be fabricated, such as the 
three-dimensional shape of a car model C, is designed 
by a three-dimension CAD system. As a result, a three- 
dimensional shape data for making the model M such 
as the car model C shown in FIG. 3 is defined by the 
three-dimension CAD system. The model M is con- 
structed within the sheet lamination T formed by stack- 
ing and gluing the sheets 2 together. 

Next, a process of defining an effective adhesion 
area E and an auxiliary adhesion area H on each sec- 
tion will be performed. In this process, a two-dimen- 
sional contour data of each section which is sliced 
horizontally with the thickness of the sheets 2 to be 
stacked to fabricate the model M is obtained. Here, of 
each section, the effective adhesion area E and the aux- 
iliary adhesion area H in the sheet 2Y which is to be 
stacked at a predetermined height position will be 
described. 

As shown in FIG. 4(A), the inside of the contour in 
the two-dimensional data obtained for the sheet 2Y 
comprises an effective area V2 which is used to con- 
struct the model M. An area outside of the effective area 
V2 in the sheet 2Y comprises a waste area U2 which is 
not used to construct the model M. 

The effective adhesion area E and the auxiliary 
adhesion area H in the sheet 2Y are determined by the 
effective area V2 in the sheet 2Y and an effective area 
VI in the sheet 2X stacked just below the sheet 2Y 

In order to determine the effective adhesion area E, 
data of the effective area V1 in the sheet 2X is also 
obtained in the same manner as in the sheet 2Y Then, 
as shown in FIG. 4(B), an area covering both of the 
effective area V2 of the sheet 2Y and the effective area 
VI of the sheet 2X is defined as an overlapping area D. 
Actually, the sheet 2Y and the sheet 2X are glued 
together on this overlapping area D. 

Then, as shown in FIGS. 4(B) and 4(C). a supple- 
mentary area A having a predetermined width is pro- 
vided outside of the overlapping area D. The 
overlapping area D and the supplementary area A 
determine the effective adhesion area E. The effective 
adhesion area E extends outwardly of the overlapping 
area Q The width of the supplementary area A is deter- 
mined in consideration of errors which may be caused 
in transfer of the adhesive 4 onto the sheets 2, thermo- 
contraction of the sheets 2 and positioning of the sheets 
2 onto the table 14. In this embodiment, the width of the 
supplementary area A is 0.5 mm. and the maximum 
error which may caused in the above processes is 
within this width. 

With the effective adhesion area E thus provided, 
the sheet 2Y and the sheet 2X are glued together on the 
area slightly wider than the area which actually requires 
adhesion. 

Further, the amount and the density of the adhesive 
4 to be applied to the sheet 2 are adjusted depending on 
the degree (thickness, density, distribution of patterns, 
etc.) of patterning the effective adhesion area E on the 
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CAD system, such that the adhesive 4 can sufficiently 
adhere the overlapping area D by heat-pressure bond- 
ing. In order to maintain the flatness of the overlapping 
area D, it is preferable to pattern the overlapping area D 
uniformly in a continuous pattern. 

Therefore, the way of applying an adhesive is not 
limited to applying an adhesive to the whole area, but it 
can be properly determined in view of the strength 
required for the model M to be obtained, the cost and 
the kind of the adhesive 4. the material of the sheet 2 
and like conditions. For example, it is also possible to 
pattern the adhesive in the effective adhesive area E in 
a fine mesh. 

Further, it is possible to secure the adhesion area 
even in the case where the adhesive 4 is applied scat- 
teringly, since the adhesive 4 is liquefied by heating as it 
is pressed during pressurization of the upper sheet 2Y 

In this embodiment, the effective adhesion area E is 
thickly painted all over on the CAD system. 

When the effective adhesion area E is thus defined, 
the auxiliary adhesion area H is defined. Specifically, 
the area outside of the effective adhesion area E makes 
the auxiliary adhesion area H. 

The auxiliary adhesion area H is not an area 
directly required for forming the model M, but an area for 
forming the surrounding portion which surrounds and 
supports the model M to be formed within the lamination 
T 

Therefore, by also applying the adhesive 4 onto this 
auxiliary area H to glue the sheets 2 together, any warp 
which may othenwise be generated in the overlapping 
area D of the lamination T can be eliminated. Specrfi- 
cally, since the adhesive 4 applied onto the auxiliary 
adhesion area H and solidified acts as a beam on the 
sheets 2, it can prevent warps on the sheet 2Y which 
may be generated by moisture absorption under the 
influence of the ambient conditions during the period 
from application of the adhesive 4 to pressure bonding. 
Therefore, the adhesive 4 applied on the auxiliary adhe- 
sion area H can secure the flatness of each sheet 2 
itself and can also secure the flat stacking condition of 
the sheets 2 in the lamination T. As a result, it can pre- 
vent warps in the overlapping area D as well. 

Further, the auxiliary adhesion area H is provided to 
form a support during heat-pressure borxJing operation 
and during cutting operation with the waste areas U1 
and U2 temporarily glued and stacked together. 

Therefore, the pattern of the adhesive 4 In the aux- 
iliary adhesion area H on the CAD system is determined 
such that the flatness of the sheet 2Y in the lamination 
T can be secured in all directions. In addition, the pat- 
tern of the adhesive 4 In the auxiliary adhesion area H 
Is determined such that the sheets 2 in the auxiliary 
area H can be glued together to an extent sufficient to 
form a support during heat-pressure bonding operation 
and cutting operation and can be easily separated or 
broken after fabrication. 

As patterns effective to prevent warps, patterns 
which have no particular orientation and which are con- 
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tinuous all over the auxiliary adhesion area H. such as a 

mesh or web-like pattern, are preferable. Considering 

the costs of the adhesive 4 and other factors, patterns 

may be drawn in fine lines. 
5 Further, if the adhesive 4 In use is fluidified by its 

fluidity by heat pressure, the adhesive 4 may be applied 

in dots or In dotted lines in the auxiliary area H. 

In this embodiment, the auxiliary adhesion area H 

is patterned with large meshes in fine lines. In the auxil- 
10 iary adhesion area H, the adhesive 4 is supplied less 

densely than in the effective adhesion area E. 

Next, the stacking process of the sheets 2 will be 

described with reference to FIGS. 5(A) to 5(F). 6(A) to 

6(E), 7 and 8. 

15 Here, the stacking process of the sheet 2Y referred 
to in the preceding process of this embodiment will be 
explained. 

First, the data of the formed areas as the effective 
adhesion area E and the auxiliary adhesion area H on 

20 the sheet 2Y which have been defined in the preceding 
process are supplied from the three-dimension CAD 
system to the laser printer section 18, and then, accord- 
ing to the data, the charged and sensitized drum 19 is 
scanned and exposed by laser beams of the exposure 

25 section to form an electrostatic latent image on the 
drum 19. 

Then, in accordance with an ordinary process of 
the electro-printing method by a PPC system, a powder 
adhesive 4, instead of an electron toner, is adhered onto 

30 the electrostatic latent image on the drum 1 9, so that 
the electrostatic latent image is transformed into an 
adhesive pattern. The adhesive pattern on the drum 19 
is transferred onto the upper sheet 2Y which has been 
fed by the feeding tray section 16, and is melted and 

35 fixed by heating or like operation so that adhesive layers 
6 and 8 are formed. Specifically, as shown in FIGS. 5(A) 
and 6(A), an effective adhesive layer 6 and an auxiliary 
adhesive layer 8 are formed to correspond to the effec- 
tive adhesion area E and the auxiliary adhesion area H, 

40 respectively. 

Further, in this embodiment, part of the adhesive 4 
on the adhesive layers 6 and 8 is impregnated into the 
sheet 2Y when fixed by a roller. Therefore, a long time 
interval is taken before a pressurizing process is 

45 started, and even under the condition in which the sheet 
2Y absorbs moisture, the impregnated adhesive 4 can 
effectively act as core for suppressing distortion (warp) 
which may be generated in the sheet 2Y Such impreg- 
nation, however, is not necessarily required, and only 

50 the electrostatic transfer may be performed. 

Next, the upper sheet 2Y Is supported by the sheet 
support mechanism, and is fed through the intermediate 
tray section 28 to be inverted and positioned, and is 
supplied to the table section 12 (see FIGS. 5(B) and 

55 6(B)). 

In this embodiment, the sheet 2Y is conveyed from 
the laser printer section 1 8 to the table section 1 2 within 
several seconds to the order of ten seconds, and the 
humidity and temperature conditions around the con- 
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veying section 22 are controlled. As a result, the sheet 
2Y does not suffer distortion which may be caused by 
absorbing moisture during conveyance. Therefore, in 
the case where a long time interval is taken from the 
transfer process to the stacking process, it is preferable 
to place the sheet 2Y in the environment of low humidity 
so as to prevent the sheet 2Y from absorbing moisture 
during the period from the completion of transfer to the 
pressurization on the table. 

Then, as shown in FIG. 6(C), the sheet 2Y is 
stacked on the lower sheet 2X which has been placed 
on the table 1 4 and which has been cut into the effective 
area V1 and the waste area U1 and stacked in layer. 

At this time, the upper sheet 2Y which has been 
inverted during conveyance is placed such that the 
adhesive layers 6 and 8 are brought into contact with 
the surface of the lower sheet 2X. 

Here, the lower sheet 2X has been already placed 
on the upper surface of the lamination T of several 
sheets 2 in accordance with the processes of this 
embodiment. 

Further, at the time of stacking of the sheet 2Y, even 
if mechanical errors were caused in conveying the sheet 
2Y or in setting the sheet 2Y on the table 14, the whole 
overlapping area D is reliably covered with the effective 
adhesive layer 6 since the effective adhesive layer 6 is 
formed to a size large enough to offset the errors. 

Then, the table 14 is raised and the lamination T 
(including the lower sheet 2X and the upper sheet 2Y) is 
pressed under a predetermined pressure toward the 
lower surface of the plate 32 which is disposed above 
the table 14 and heated to a predetermined tempera- 
ture. As a result, the adhesive 4 interposed between the 
lower sheet 2X and the upper sheet 2Y is melted so that 
the both sheets 2X and 2Y are tightly glued and joined 
together through the adhesive layer 40 (see FIG. 6(D)). 

The lift (raised position) of the table 14 is controlled 
by the control section 9 such that a predetermined pres- 
sure can be constantly obtained. 

At this time, the plate 32 presses the whole area of 
the sheet 2Y at one time, so that unlike the case of pres- 
surizing by a roller, misalignment of the sheet 2Y is not 
caused. 

Further, the sheets 2 which have been already 
stacked together form the lamination T in an integral 
structure including the effective area and the waste 
area, and the uppermost sheet 2Y is supported over the 
entire area from below, so that pressure is uniformly 
applied on the entire area of the overlapping area D 
which needs heat-pressure bonding. 

In addition, it is possible to obtain uniform thickness 
of the adhesive layers 6 and 8 between the sheets 2X 
and 2Y and uniform thickness of the sheet 2Y 

Further, by thus applying pressure, the melted 
adhesive 4 is impregnated into the sheets 2X and 2Y. 
The adhesive 4 at this time is in a visco-elastic state, so 
that it is impregnated into the sheet 2Y with pressure. 

The pressing by the plate 32 also serves to restrain 
the warping of the sheet 2Y Specifically, even if a warp 



is generated in the sheet 2Y in the stacking process, the 
pressing on the sheet 2Y also serves to correct the 
warp. In addition, it also serves to form the adhesive lay- 
ers 6 and 8 interposed between the sheets 2X and 2Y 

5 to be flat by means of the sheet 2Y Therefore, a layer 
which serves to glue the sheets 2X and 2Y together and 
which restrains deformation such as warping is formed. 

The pressing by the plate 32 is repeated and 
repeatedly restrains the repulsion of the sheets 2 which 
10 is gradually caused after stacking, so that the model M 
without deformation can be obtained. 

Further, the repeated pressing also restrains con- 
traction of the adhesive layers 6 and 8. and the adhesive 
layer 40 itself acts to restrain warping of the sheet 2Y 

15 As a result, the sheet 2Y is reliably maintained in a 
flatly stacked state even after stacking. 
Thereafter, the table 14 is lowered. 
Thus, the sheet 2Y is closely attached to the upper 
surface of the sheet 2X via the adhesive layers 6 and 8 

20 and thus forms part of the lamination T 

Then, when the adhesive 4 is hardened by cooling, 
the sheets 2X and 2Y are glued and joined together. 
However, in the stacking process, the adhesive 4 is not 
always hardened immediately after application of pres- 

25 sure to fully glue the sheets 2X and 2Y together. When 
another sheet 2 is stacked on the sheet 2Y and glued by 
hot pressing, the adhesive 4 is indirectly heated and is 
relatively gradually hardened. 

In the sheets 2X and 2Y thus glued together, the 

30 area having the effective adhesive layer 6 provided ther- 
eon is glued strongly, and the area having the.auxiliary 
adhesive layer 8 is glued less strongly. 

Further, the effective adhesive layer 6 is larger than 
the overlapping area D which actually needs gluing, so 

35 that the overlapping area D is reliably glued onto the 
lower sheet 2X even if the above-mentioned misalign- 
ment or heat contraction of the sheets 2 is caused. 

In the hot press gluing process, since the, adhesive 
4 is melted, the ambient environment is not deteriorated 

40 without causing evaporation of any harmful substance 
or generation of malodor. 

The vertical movement of the table 14 is controlled 
by the detector and the control section 9. and the table 
14 is lowered to a position where the working section of 

45 the cutter 35 which is moved two-dimensionally by the 
XY plotter 36 can cut only the upper sheet 2Y stacked 
and glued on top of the lamination T 

The pressing position (raised position) and the cut- 
ting position (lowered position) are controlled only by 

50 the vertical movement of the table 14. In other words, 
only the table 14 acts as a vertically moving part. Such 
an arrangement permits easy fine adjustment of the 
height of the lamination T formed by stacking the sheets 
2 in sequence, by the thickness of a layer of one sheet 

55 (to be exact, the total thickness of the sheet 2 and the 
adhesive layers 6 and 8), so that possible errors are 
minimized. 

Then, as shown in FIGS. 5(C) and 6(E), the upper 
sheet 2Y is cut into the effective area V2 and the waste 
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area I ^'^ by the cutter 35 which is driven by the XY plot- 
ter 2 the basis of the data supplied from the data 

proco, -..*ig section 7. 

In the vicinity of the contour of the effective area V2, 
the sheets 2 are tightly glued to each other by the effec- 5 
tive adhesive layer 6 and the auxiliary adhesive layer 8, 
so that any misalignment or separation of the upper 
sheet 2Y with respect to the lower sheet 2X is not 
caused by the movement of the cutter 35. 

Then, as shown in FIG. 7. the waste area U2 is cut io 
and divided into pieces along predetermined dividing 
lines 50 from the contour of the effective area V2 out- 
wardly toward the edge of the sheet 2Y 

The dividing lines 50 serve to facilitate removal of 
the stacked and loosely glued waste area U after com- 75 
pletion of fabrication (see FIG. 5(E)). The waste area U 
can be three-dimensionally divided into pieces for 
removal. When the dividing lines 50 are provided 
around the complicated contour, removal of the waste 
area U is made easier, and in the case of the object hav- 20 
ing an irregular contour, it is suitable to provide many 
dividing lines 50. 

The dividing lines 50 are provided on the basis of 
the data which has been converted from the data input- 
ted from the three-dimension CAD system in the data 25 
processing section 7 and which has been supplied to 
the cutting plotter section 34. 

In this embodiment a cutter is used. but. as shown 
in FIG. 8, when a cutter is used to cut the sheet 2X, a 
flaring portion 60a is formed on the both sides of the cut 30 
section. However, the flaring portion 60a is completely 
broken down by the pressure applied by stacking the 
sheet 2Y on the sheet 2X, or it is absorbed by the thick- 
ness of the adhesive layer. Therefore, adverse effect by 
the flaring portion 60a is eliminated in the lamination T 35 
It will be noted that, besides a cutter, an ultrasonic cut- 
ter, a laser cutter or the like may be used as cutting 
means. 

The whole process of stacking the upper sheet 2Y 
on the lower sheet 2X is thus executed, and this process 40 
is repeated tc stack and g!us the sheets 2 one after 
another. The effective area and the waste area of the 
sheet 2 to be stacked on top of the lamination T is cor- 
rected, each time it is stacked, on the basis of the lami- 
nation height of the sheet 2Y detected by the detector 45 
Specifically, in the case that the detected lamination 
height is different from the estimated one. the three- 
dimensional object is sliced at a slice position (height) 
obtained on the basis of the detected lamination height 
in order to obtain the sectional configuration at the so 
detected height. 

Further, the table 14 is moved downwardly by the 
height of the stacked sheet 2Y and the adhesive layers 
6 and 8 to wait the supply of the next sheet 2. 

By repeating the above-mentioned processes, as 55 
shown in FIG. 1, the sheets 2 are stacked on the table 
14 while forming the three-dimensional object M within 
the lamination T on the table 1 4. 



Then, as shown in FIGS. 5(D) and 5(E), after all of 
the sheets 2 have been stacked and glued together, the 
lamination T is taken from the table 14 and the lami- 
nated waste area U is removed along the dividing lines 
50. 

The flat parts of the waste area U may be removed 
in block and the fairly rugged parts thereof may be 
removed by separating the sheets 2 one by one. 

As shown in FIG. 5(F), the model M which appears 
by removing the entire waste area U has a shape similar 
to a three-dimensional shape of a car model C designed 
by the three-dimension CAD system. 

The stacked and glued sheets 2 are not readily sep- 
arated on the outer surface of the model M since the 
sheets 2 are reliably glued together on the overlapping 
area D therebetween by the adhesive 4 of the effective 
adhesive layer 6. 

Further, unlike the case of using a photo-solidifying 
resin, the model M can obtain a sufficient bonding 
strength without being heated for a certain period of 
time after lamination, so that the model M is made avail- 
able immediately after fabrication. 

In this embodiment, the heater plate section 30 is 
used as pressing means, but pressing means which 
only performs application of pressure may be used 
together with an adhesive which displays adhesiveness 
by pressurization. 

Further, in this embodiment, the adhesive 4 is inter- 
posed between the sheets 2. but the adhesive 4 may be 
impregnated into the lower and upper sheets 2 with 
pressure so that the lower and upper sheets 2 with the 
adhesive 4 impregnated there into are directly joined 
together to form a joined layer without having the adhe- 
sive layers 6 and 8 interposed between the lower and 
upper sheets 2. In this case, the adhesive 4 is not inter- 
posed, so that it is possible to reduce the amount of use 
of the adhesive 4 and to fabricate a firmly joined three- 
dimensional object M. 

Further, in this embodiment, plain paper is used as 
sheets 2, but it is not limitative. However, plain paper is 
effective to reduce the running costs, and it can easily 
be impregnated with the adhesive 4 since it is made of 
pulp, and it has sufficient heat resistance against hot 
pressing. 

In this embodiment, the invention has been 
described in relation to the case of fabrication of a car 
model, but it is not limitative. It is possible to fabricate 
models or prototypes of any objects, or the products 
themselves. 

Further, in this embodiment, the invention has been 
described in relation to the case where the sheets are 
bonded together by hot pressing, but the invention is 
similarly applied to the case where an adhesive which 
displays adhesiveness only by application of pressure is 
used. 
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(Second Embodiment) 



A second embodiment will now be described with 
reference to FIGS. 9(A) to 9(E). 10, 11(A) and 11(B). 

In the sheet lamination modeling method of this 5 
embodiment, like the first embodiment, the processes of 
defining a three-dimensional shape, defining an effec- 
tive adhesion area and an auxiliary adhesion area, 
stacking sheets, and removing a waste area are per- 
formed. 10 

FIGS. 9(A) to 9(E) are sectional views of the sheets, 
showing the sheet stacking and joining process in 
sequence. 

in this embodiment, the same apparatus as in the 
first embodiment is used. Sheets 102 and an adhesive 15 
104 are also the same ones as in the first embodiment. 

The three-dimensional shape defining process of 
this embodiment is performed in the same way as in the 
first embodiment. 

Now. a sheet 1 02X and a sheet 1 02Y to be stacked 20 
at a predetermined height position will be described. 

The effective area defining process for each section 
of this embodiment is performed substantially in the 
same way as in the first embodiment, but is only differ- 
ent in the following point. 25 

Specifically, the pattern within the range of the 
effective adhesion area E on the CAD system is deter- 
mined such that the adhesive 104 is completely impreg- 
nated into the both sheets 102X and 102Y. 

Next, the stacking and joining process of the sheet so 
102Y will be explained. 

The process in which the effective adhesion area E 
and the auxiliary adhesion area H on the CAD system 
are formed as an effective adhesive layer 106 and an 
auxiliary adhesive layer (not shown), respectively, on 35 
the sheet 102Y, is the same with the first embodiment. 

Here, it should be noted that the lamination T has 
already been formed on a table with the sheet 102X 
stacked and joined on the top thereof. 

As shown in FIGS. 9(A) to 9(C), in the same way as 40 
the first embodiment, the upper sheet 102Y is quickly 
conveyed to the table section 12 by the conveying sec- 
tion including a rubber roll and is stacked on the lower 
sheet 102X which has been cut into the effective area 
V101 and the waste area U101 and has been stacked in 45 
layer. The upper sheet 102Y which has been inverted 
during conveyance is placed such that the adhesive 
layer 106 and the other adhesive layer are brought into 
contact with the surface of the lower sheet 102X. In this 
embodiment, the sheet 102Y is conveyed from the so 
transferring section to the table section 12 within a very 
short time, thus preventing distortion of the sheet 102Y 
which may be caused by moisture absorption. 

Then, the table 14 is raised and the lamination T is 
pressed under a predetermined pressure toward the ss 
lower surface of the plate 32 which is disposed above 
the table 14 and which is heated to a predetermined 
temperature. In this embodiment the plate 32 is heated 



to 180 to 200°C and about one ton of pressure is 
applied thereon. 

As a result, the adhesive 104 interposed between 
the lower sheet 102X and the upper sheet 102Y is 
melted and impregnated sufficiently into both of the 
lower sheet 102X and the upper sheet 102Y under high 
pressure, so that the sheets 102X and 102Y are tightly 
joined together. 

In other words, as shown in FIGS. 9(D) and 10. the 
upper portion (about one quarter of the thickness from 
the top) of the lower sheet 102X and the lower portion 
(about one quarter of the thickness from the bottom) of 
the upper sheet 102Y with the adhesive 104 impreg- 
nated thereinto form a joined layer 109 in one continu- 
ous piece together with the impregnated adhesive 104. 
On the joined surface of the sheets 102X and 102Y. the 
adhesive 104 is impregnated into fibers of the sheets 
102X and 102Y which are tangled with each other. 

Further, the entire surface of the sheet 102Y is 
pressed flatly at one time by the plate 32. so that the 
whole joined layer 109 is formed flatly 

Thus, in the pressurized state which can prevent 
generation of distortion of the sheet 102Y to eliminate 
its warping or like defects as much as possible, the 
adhesive 104 is fluidified and impregnated into the 
sheets 102X and 102Y under high pressure to form the 
flat joined layer 109 in part of the sheets 102X and 
1 02 Y, so that the sheet 1 02 Y is stacked and joined flatly. 
Further, the adhesive 104 of the joined layer 109, when 
hardened, acts to restrain warping of the sheet 102Y 
even if the sheet 102Y has absorbed moisture after 
stacked in lamination, so that the flatness of the sheet 
1 02Y can be maintained. Therefore, the level of the lam- 
ination surface of the sheet 102Y can be made uniform, 
so that the sheet 2Y can be stacked and glued in strict 
conformity with the corresponding sliced section of the 
object on the CAD. 

In addition, the effective adhesive layer 106 and the 
auxiliary adhesive layer are not interposed between the 
sheets 102X and 102Y with their substantial thickness, 
so that lamination height can be easily controlled by 
thus eliminating the thickness of the adhesive layer 106 
which may be produced by variations in the amount and 
position of the application of the adhesive 104. 

Further, the sheets 102X and 102Y are directly 
joined together by application of pressure and impreg- 
nation of the adhesive 104. the amount of the adhesive 
104 can be reduced as compared with the case of inter- 
posing the adhesive 104. 

Thereafter, the sheet 102Y is further pressed 
repeatedly as the sheets 102 are stacked one by one in 
layer on the sheet 102Y. Therefore, even if the sheet 
102Y gradually absorbs moisture with the lapse of time 
after lamination, warping of the sheet 102Y is sup- 
pressed and contraction of the joined layer 109 is also 
restrained. Further, the joined layer 109 itself serves to 
restrain the warping of the sheet 102Y. 
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Further, on the area forming the auxiliary adhesive 
layer, the adhesive 104 needs to be only temporarily 
glued to the sheet 102Y 

Even on the parts where the adhesive 104 has 
been neither applied nor impregnated, the sheets 102 
may be bonded together by tar contained in the sheet 
102 (paper) and evaporated by heating. 

Further, as shown in FIG. 11(A), the adhesive 104 
is spread by impregnation even to the portion (the inside 
of each mesh of the adhesive) of the effective adhesive 
layer 106 where the adhesive 104 has not been trans- 
ferred. As shown in FIG. 1 1(B), the excessive amount of 
the transferred adhesive 104 is spread to the surround- 
ing and is impregnated in the sheets 102X and 102Y. 

The sheet 102Y is pressed in its thickness direction 
and is contracted in its thickness to the extent depend- 
ing on the kind of the sheet 102Y (see FIG. 10). Here, 
the contracted state of the sheet 102Y is maintained by 
the existence of the joined layer 109. and the sheet 
102Y is not lifted after stacked in lamination. 

Thereafter, the table 14 is lowered, and the sheet 
102Y forming the uppermost layer of the lamination T 
on the table 14 is. like the first embodiment, cut by the 
cutter plotter 35 into an effective area VI 02 and a waste 
area U102 on the basis of the data from the three- 
dimension CAD system (see FIG. 9(E)). 

In this case, like the first embodiment, the joined 
waste area U serves as support during cutting operation 
while in the vicinity of the contour of the joined effective 
area V, the sheets 2 are joined together by the joined 
layer 109 formed by the effective adhesive layer 106 
and the auxiliary adhesive layer 108, so that any mis- 
alignment or separation of the upper sheet 102Y is not 
caused by the movement of the cutter 35. 

Then, like the first embodiment, dividing lines are 
provided. 

Thus, like the first embodiment, the whole process 
of stacking and joining one sheet 1 02 on top of the other 
is executed in sequence. By repeating this process, the 
model is formed within the lamination T on the table 14 
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The model M which appears by removing the whole 
waste area U has a shape similar to a three-dimen- 
sional shape designed by the three-dimension CAD 
system. 

Particularly, in the model M of this embodiment, the 
adjacent sheets 102 are joined to each other, without 
having the adhesive layer 106 interposed between the 
adjacent sheets 102 in lamination, but by means of the 
joined layer 109 formed by impregnating the adhesive 
104 into part of the sheets 102 to be joined to each 
other. Therefore, a great bonding strength is provided, 
so that the model M forms a rigidly integrated structure. 
Further, each joined layer 109 serves as a beam to 
restrain the warping of the sheets 2, so that the size var- 
iations caused by absorbing moisture are reduced and 
a high fabrication accuracy can be obtained and main- 
tained in the model M. 



In the same processes as in the first embodiment, 
the same operations as the first embodiment are per- 
formed in this embodiment. 

5 (Third Embodiment) 

A third embodiment will now be described with ref- 
erence to FIG. 12. 

This embodiment comprises processes of defining 
10 a three-dimensional shape, defining an effective adhe- 
sion area and an auxiliary adhesion area on each sec- 
tion, stacking sheets, collectively pressurizing a 
lamination, and removing a waste area. 

In this embodiment, unless otherwise specified, the 
75 lamination modeling apparatus, sheets and an adhesive 
in use are the same as the first embodiment. 

The processes of defining a three-dimensional 
shape, defining each area, and stacking sheets are per- 
formed in the same way as the first embodiment. 
20 In this embodiment, a collective pressurizing proc- 
ess is added after the stacking process. 

The collective pressurizing process is provided to 
form the model M without warp by correcting any warp 
which has been produced during the stacking process 
25 in the finished lamination T and by restraining any warp 
which is being generated on the upper portion of the 
lamination T 

To this end, the lamination T is pressed onto the 
plate 32 by raising the table 14 for pressurization under 

30 pressure sufficient to restrain such warp, until the adhe- 
sive 4 is cooled down to temperatures at which it is com- 
pletely hardened. 

As a result, any warp on the lower portion of the 
lamination T is corrected and accordingly, the warp on 

35 the lower portion is not magnified on the upper portion, 
so that the warp of the lamination T is effectively 
reduced. 

In this case, the effect by pressurization can be 
effectively obtained by placing the lamination T under 
40 the condition in which it is allowed to be gradually 



(Fourth Embodiment) 

45 A fourth embodiment will now be described with ref- 
erence to FIGS. 13 and 14. 

In the sheet lamination modeling method of this 
embodiment, the following processes are performed, 
FIG. 1 3 is a block diagram showing the operation of this 
50 embodiment. 

This embodiment comprises processes of defining 
a three-dimensional shape, defining an effective adhe- 
sion area and an auxiliary adhesion area on each sec- 
tion, stacking sheets, collectively hardening an 
55 adhesive, and removing a waste area. 

The lamination modeling apparatus in this embodi- 
ment is substantially the same as the first embodiment, 
except in the following points. 
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In the apparatus of this embodiment, as shown in 
FIG. 14. a heater 21 5 is incorporated in a vertically mov- 
able table 214 on which sheets 202 are placed, and the 
heater 215 serves to heat the lamination T on the table 
214 during stacking operation. Further, a wall 240 made 5 
of heat insulating material is provided to surround the 
whole section including the table 214 and a plate 232, 
and thus a lamination chamber 250 where the lamina- 
tion T can be kept warm is provided. 

The heater 21 5 of the table 214. combined with the 10 
adiabatic efficiency of the wall 240, is designed to heat 
the lamination T to be fabricated such that the adhesive 
204 interposed between the sheets 202 of the lamina- 
tion T can be maintained in a melted state and also to 
heat the finished lamination T such that the adhesive is 
204 interposed all through the finished lamination T can 
be brought into a melted state. 

Therefore, the extent of heating by the heater 215 
depends on the thickness, size or shape of the lamina- 
tion T. and on the heat retaining property of the sheets 20 
202 and the kinds of the adhesive 204. 

The wall 240 is provided to prevent dissipation of 
the heat which is supplied from the table 214 so that the 
heat can be efficiently absorbed into the lamination T. 
and thus to maintain the lamination T in a uniform tem- 25 
perature condition. 

The heat from the plate 232 can also be efficiently 
maintained in the lamination T by the wall 240. 

Therefore, the heating efficiency of the plate 232 is 
improved and accordingly, the heating cost can be 30 
reduced- 

The sheets 202 and the adhesive 204 used in this 
embodiment are the same as the first embodiment, 
unless otherwise specified. 

Next, each process of this embodiment will be 35 
explained in order. 

The three-dimensional shape defining process and 
the each area defining process are the same as the first 
embodiment. 

The sheet stacking process of this embodiment is 40 
different from that of the first embodiment, only in that it 
is performed in the state where the table 214 is heated 
and the lamination T on the table 214 is surrounded by 
the heat insulating wall 240. 

The table 21 4 is heated to the extent that the adhe- 45 
sive 204 in the lamination T which is being formed in the 
lamination chamber 250 can be maintained in a melted 
state. 

Therefore, in this embodiment^ unlike the first 
embodiment, the adhesive 204 is interposed between so 
the sheets 202 in a melted state during the stacking 
operation, and it further exists in the lamination T as 
being held in the melted state even after heating and 
pressing operation by the plate 232. 

This means that during the stacking process, there ss 
is no possibility of contraction of the adhesive 204 which 
may be caused when cooled and solidified, and thus, 
any warp of the lamination T which may be generated 
by such contraction can be eliminated. 
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Further, a uniform temperature is kept all through 
the lamination T during the stacking process, so that the 
first sheet 202 which has been stacked immediately 
after the start of the stacking operation and the last 
sheet 202 which has been stacked are maintained sub- 
stantially in the same temperature condition. 

Further, at the same time, the melted state of the 
adhesive 204 which lasts longer than in the first embod- 
iment much more enhances the impregnation of the 
adhesive 204 into the sheets 202. 

In this case, there is also no possibility of misalign- 
ment in the stacking position or like defects, since the 
sheets 202 are maintained joined firmly to each other by 
pressing and through the melted adhesive 204. Also, 
the misalignment of the sheets 202 is not caused during 
the cutting operation by the cutter 235. 

Further, like the first embodiment, the warp of the 
sheets 202 generated by pressing every time one sheet 
is stacked on the other can be corrected. 

Thus, the sheets 202 are stacked one on the other 
in sequence until the last sheet 202 is stacked to com- 
plete the lamination T. 

In the lamination T with the last sheet 202 stacked 
thereon, the adhesive 204 interposed through the 
sheets 202 is in a melted state. 

In the next process of hardening the adhesive col- 
lectively, the whole lamination T with the adhesive 204 
in a melted state is pressed and gradually cooled in the 
lamination chamber 250. in order to collectively harden 
the adhesive 204 in the lamination T. 

At this time, the lamination T on the table 21 4 which 
is disposed in the lower part of the lamination chamber 
250 is pressed onto the plate 232 which is disposed 
above, by raising the table 214. so that the lamination T 
is held in a pressurized state. 

In this pressurized state, heating by the heater of 
the plate 232 and the heater 215 of the table 214 is 
stopped, so that the lamination T is gradually-allowed to 
be cooled. 

Thus, the adhesive 204 interposed in the lamination 
T, in the state where the contraction is restrained with 
pressure, is hardened simultaneously almost in an even 
pace as a whole to bond the sheets 202 together. 

In other words, according to this embodiment, 
where the stacking process is separated from the hard- 
ening process of the adhesive 204, in the stacking proc- 
ess, generation of warps which may be caused by 
contraction of the adhesive 204 between the sheets is 
eliminated by maintaining the melted state of the adhe- 
sive 204, and in the hardening process, the contraction 
of the adhesive 204 is restrained by continuing pressur- 
ization until the adhesive 204 is hardened while forming 
the condition that the temperature is uniformly lowered. 

As a result, it is possible to eliminate any warp in 
the lamination T so as to obtain a three-dimensional 
object (model M) with high accuracy. 

Further, the sufficient impregnation of the adhesive 
204 by pressurization in the melted state increases the 
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bonding strength, so that a three-dimensional object 
with greater strength can be obtained. 

In this embodiment, the heater 215 is particularly 
provided in the table 214 to maintain the melted state of 
the adhesive 204 in the stacking process, but, depend- s 
ing on the heat retaining property of the sheets 202, 
temperature or like properties of the adhesive 204, 
thickness of the lamination T, or the like conditions, it 
may be designed such that the adhesive 204 Is main- 
tained in a melted state by means of the wall 240 and io 
the plate 232 without heating by the heater 215. 

In the same processes as in the first embodiment, 
the same operations as the first embodiment are per- 
formed in this embodiment. 

75 

(Fifth Embodiment) 

A fifth embodiment will now be described with refer- 
ence to FIG. 15. 

This embodiment comprises processes of defining 20 
a three-dimensional shape, defining an effective adhe- 
sion area and an auxiliary adhesion area on each sec- 
tion, stacking and gluing sheets, collectively melting and 
collectively hardening adhesive, and removing a waste 
area. 25 

In this embodiment, unless othenwise specified, the 
lamination modeling apparatus, sheets arxd an adhesive 
in use are the same as the fourth embodiment. 

FIG. 1 5 is a block diagram showing the operation of 
this embodiment 30 

The three-dimensional shape defining process and 
the each area defining process are performed in the 
same way as the first embodiment. 

The sheet stacking and gluing process of this 
embodiment is different from that of the fourth embodi- 35 
ment only in that the table 214 is not heated. 

Therefore, unlike the fourth embodiment, all of the 
adhesive 204 is not maintained in a melted state in the 
stacking process. In other words, the adhesive 204 
between the sheets 202 which were stacked in the final 40 
step of the process is stil! in ths melted stat3. while the 
adhesive 204 between the sheets 202 which were 
stacked just after the start of the process for the lowest 
layer of the lamination T has already been solidified to 
bond the sheets 202 together almost completely. 45 

In the next process of collectively melting and col- 
lectively hardening the adhesive. In the lamination 
chamber 250 which is surrounded by the heat insulating 
wall 240. the table 214 is heated while the plate Is 
heated as well, and In this state, the lamination T is so 
pressed. 

By heating the table 214 and the plate 232 to a pre- 
determined temperature and with the heat insulating 
wall 240. the whole lamination T is uniformly heated and 
thus, the adhesive 204 In the lamination T is brought 55 
into a melted state again. 

After keeping this state for a certain period of time 
so that the whole lamination T is uniformly heated and 
the adhesive 204 is brought into a uniform melted state, 



heating of the table 214 and the plate 232 is stopped to 
allow the lamination T to be gradually cooled in the lam- 
ination chamber 250, while the pressing of the lamina- 
tion T is continued in this state. 

Thus, the adhesive 204 in the lamination T is slowly 
cooled and hardened in the formed state by pressing. 

When the lamination T is completely cooled and the 
adhesive 204 is hardened, the pressing is stopped and 
the lamination T is taken out. 

As a result, a three-dimensional object (model M) 
having high accuracy in which the generation of warps 
by contraction of the adhesive 204 Is restrained, can be 
obtained. 

In this embodiment, in the stacking process, the 
adhesive 204 Is hardened to bond the sheets 202 
together, but, after completion of the stacking process, 
all of the adhesive is collectively melted and hardened. 
Consequently, as a whole, the hardening and gluing 
process and the stacking process are separately per- 
formed. Thus, the warping of the adhesive 204 and the 
sheets 202 in the stacking process and the similar warp- 
ing in the hardening process as well can be eliminated. 

In this embodiment, the plate 232 is heated in the 
stacking process like the first embodiment, but in the 
case where a pressing pressure high enough to pres- 
sure bond the sheets 202 is obtained, or in the case 
where adhesive which Is melted by pressing is used, the 
plate 232 need not be heated. 

Therefore, in the stacking process, solely the press- 
ing operation may be performed without heating, and in 
the hardening process, it may be heated for the first 
time. However, in the case of a resin which melts with 
pressure, heating is not required at any stage, but it is 
effective in improving the fluidity of the adhesive 204 so 
as to permit efficient impregnation into the sheets 202. 

In the fourth and fifth embodiments, collective hard- 
ening is performed by pressing with the adhesive 204 
kept in the melted state, but it is not limitative. 

For example, depending on the size of the lamina- 
tion T or the material of the sheets 202, the adhesive 
204 is kept in the melted state uniil corvipietion of stack- 
ing, or the adhesive 204 is brought into a uniform, 
melted state again after completion of stacking, and 
then the adhesive 204 is allowed to be gradually cooled 
in the lamination chamber 250 without pressing so that 
the generation of warps by contraction can be pre- 
vented. Particularly in this case, the adhesive 204 Inter- 
posed between the sheets in the lamination is hardened 
simultaneously almost in an even pace. Thus, it Is pos- 
sible to reliably eliminate the occurrence that warps 
generated from the lower portion of the lamination are 
accumulated as the lamination is gradually hardened 
from the lower portion thereof and are amplified on the 
upper portion of the lamination. 

Claims 

1 . A method of forming a three-dimensional object by 
stacking and gluing sheets together, comprising the 
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Steps of providing a lower sheet cut into an effective 
area constituting the three-dimensional object and 
a waste area not constituting the three-dinnensional 
object, providing an upper sheet to be stacked on 
top of said lower sheet, said upper sheet having an 5 
effective area constituting the three-dimensional 
object and a waste area not constituting the three- 
dimensional object, supplying an adhesive between 
said lower sheet and said upper sheet and onto an 
area which extends outwardly of an overlapping w 
area covering both said effective area of said upper 
sheet and said effective area of said lower sheet, 
thereby forming an effective adhesive layer, gluing 
said lower sheet and said upper sheet together, and 
cutting said upper sheet into the effective area and 75 
the waste area. 

2. The method as defined in claim 1 . comprising the 
additional step of forming an auxiliary adhesive 
layer by supplying the adhesive less densely than 20 
said effective adhesive layer, onto the outside of the 
effective adhesive layer. 

3. The method as defined in claim 1 , wherein said 
adhesive is applied by electrostatic transfer. 25 

4. The method as defined in claim 1, wherein said 
upper sheet and said lower sheet are glued 
together under pressure. 

30 

5. A method of forming a three-dimensional object by 
stacking and gluing sheets together, comprising the 
steps of providing a lower sheet cut into an effective 
area constituting the three-dimensional object and 

a waste area not constituting the three-dimensional 35 
object, providing an upper sheet to be stacked on 
top of said lower sheet, said upper sheet having an 
effective area constituting the three-dimensional 
object and a waste area not constituting the three- 
dimensional object, supplying an adhesive between 40 
said lower sheet and said upper sheet, impregnat- 
ing said adhesive into said upper sheet and said 
lower sheet under pressure, thereby forming a 
joined layer, and cutting said upper sheet into the 
effective area and the waste area. 45 

6. The method as defined in claim 5, wherein said 
adhesive is applied by electrostatic transfer. 

7. A method of forming a three-dimensional object by so 
stacking and gluing sheets together, comprising the 
steps of: 

providing a lower sheet cut into an effective 
area constituting the three-dimensional object 55 
and a waste area not constituting the three- 
dimensional object; 

providing an upper sheet to be stacked on top 
of said lower sheet, said upper sheet having an 
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effective area constituting the three-dimen- 
sional object and a waste area not constituting 
the three-dimensional object; 
supplying an adhesive between said lower 
sheet and said upper sheet; 
gluing said lower sheet and said upper sheet 
together under pressure; 
cutting said upper sheet into the effective area 
and the waste area, thereby forming a sheet 
lamination block including the three-dimen- 
sional object; and 

pressing said sheet lamination block until said 
adhesive interposed between the sheets of the 
sheet lamination block is hardened. 

A method of forming a three-dimensional object by 
stacking and gluing sheets together, comprising the 
steps of: 

providing a lower sheet cut into an effective 
area constituting the three-dimensional object 
and a waste area not constituting the three- 
dimensional object; 

providing an upper sheet to be stacked on top 
of said lower sheet, said upper sheet having an 
effective area constituting the three-dimen- 
sional object and a waste area not constituting 
the three-dimensional object; 
supplying an adhesive between said lower 
sheet and said upper sheet; 
gluing said lower sheet and said upper sleet 
together under pressure; 
cutting said upper sheet into the effective area 
and the waste area, thereby forming a sheet 
lamination block including the three-dimen- 
sional object; 

melting said adhesive interposed between the 
sheets of the sheet lamination block; and 
hardening said melted adhesive. 

The method as defined in claim 8, wherein, in the 
step of hardening the melted adhesive, pressuriza- 
tion of said sheet lamination block is continued until 
said adhesive is hardened. 

A method of forming a three-dimensional object by 
stacking and gluing sheets together, comprising the 
steps of: 

providing a lower sheet cut into an effective 
area constituting the three-dimensional object 
and a waste area not constituting the three- 
dimensional object; 

providing an upper sheet to be stacked on top 
of said lower sheet, said upper sheet having an 
effective area constituting the three-dimen- 
sional object and a waste area not constituting 
the three-dimensional object; 
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supplying an adhesive between said lower 

sheet and said upper sheet; 

gluing said lower sheet and said upper sheet 

together under pressure; and 

cutting said upper sheet into the effective area s 

and the waste area; 

wherein, in the above steps, said adhesive is 
maintained in a melted state to thereby form a 
sheet lamination block including the three- 
dimensional object, and said sheet lamination io 
block is pressurized until said adhesive inter- 
posed between the sheets of the sheet lamina- 
tion block is hardened. 

11. An apparatus for forming a three-dimensional is 
object by stacking and gluing sheets together, com- 
prising: 

a table which moves upwardly or downwardly 

and on which a lower sheet cut into an effective 20 

area and a waste area is placed; 

interposing means for interposing an adhesive 

between the lower sheet and an upper sheet to 

be stacked on the lower sheet; 

pressing means fixedly disposed at a predeter- 25 

mined position for gluing together the upper 

sheet and the lower sheet on said table when 

the table is raised; and 

cutting means for cutting said upper sheet into 
an effective area and a waste area. 30 

12. The apparatus as defined in claim 1 1 , wherein said 
table is vertically movable, said pressing means is 
fixedly disposed right above said table, and said 
cutting means is disposed horizontally movably at a 35 
predetermined height between said table in the low- 
ered position and said pressing means. 

13. The apparatus as defined in claim 1 1 , wherein, as 
said adhesive, an adhesive which displays adhe- 40 
siyeness by pressurizsticn is used, and S3id press^ 

ing means include a pressurization surface for 
collectively pressurizing said upper sheet. 

14. The apparatus as defined in claim 1 1 , wherein said 45 
interposing means is operable to supply said adhe- 
sive onto said upper sheet by electrostatic transfer. 

15. The apparatus as defined in claim 1 1 . further com- 
prising heat retaining means for keeping warm a so 
sheet lamination block on said table and heating 
means provided in said table for heating the sheet 
lamination block. 
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